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偶联反应 C2 选择性低)，需对 CeO2 进行改性，使其发挥良好的储/释氧能力、氧
化还原性、酸碱性等特点。本论文通过不同原子掺杂 CeO2 或 CeO2 作为载体负
载等方式，对 CeO2 进行改性(酸碱性、氧化还原性等)，以调控甲烷氧化反应中
甲烷的转化率和反应选择性。通过 XRD、TPD、TPR 和 XPS 等表征手段，探索
了 CeO2 的改性规律和 Ce 基复合氧化物催化剂的构-效关系。主要研究结果如下： 
不同原子掺杂的铈基氧化物催化剂的甲烷氧化活差异较大：过渡金属 Pd、
Ni 的掺杂可有效增强 Ce 基氧化物催化剂的氧化能力，降低甲烷燃烧的温度；而
碱土金属的掺杂可有效改善 Ce 基氧化物催化剂的酸碱性，提高甲烷氧化偶联反
应的性能。对于碱土金属掺杂的 Ce 基催化剂，掺杂量、制备方法、柠檬酸添加
量、焙烧温度都对 Ce 基催化剂 OCM 反应性能具有一定影响，经过筛选发现，
柠檬酸法制(柠檬酸与金属离子比为 2)、800oC 下焙烧的 Ce0.5Sr0.5Ox 催化剂，OCM
性能最佳(700oC 下：甲烷转化率 29.4%，C2 选择性 43.9%)。对于 Ca、Sr 共掺杂
的 Ce 基氧化物催化剂，筛选出 Ce0.5Sr0.4Ca0.1Ox 催化剂的性能最优(700oC 下：甲
烷转化率 30.4%，C2 选择性 51.5%)。XRD、UV-vis、O2-TPD、CO2-TPD 及 XPS
等表征结果表明：Ca、Sr 的掺杂，能显著减小 CeO2 的晶粒尺度；有效调控 Ce
基氧化物催化剂的酸碱性，增加其表面中等强度碱性位；增强氧化物催化剂的储
/释氧能力，促进表面氧物种(特别是亲电氧物种)的形成，从而使 CeO2 得到有效
改性，使甲烷氧化朝着 C2 烃生成方向的进行得到有效改善。Ce0.5Sr0.5Ox 和
Ce0.5Sr0.4Ca0.1Ox 催化剂为 CeO2 和 SrCO3 相的混合，催化剂中碳酸盐的存在对亲




















具有良好的甲烷燃烧性能(T10,T50 及 T90 分别为 337oC，423oC 和 491oC)及反应稳
定性。通过一系列表征手段，研究了 NiO 与 CeO2 的相互作用。结果表明，Ni
在 NiO/CeO2-S 中的存在形式主要有：部分以 Ni2+形式掺杂进入 CeO2 的晶格中，
部分以 NiO 形式高度分散于 CeO2 表面上。Ni2+的掺入主要使催化剂的储/释氧和
氧化还原能力得到显著增强，从而提高其甲烷燃烧活性。而粒径较小、比表面积





































The key to the utilization of natural gas is actually to achieve the activation of 
methane. Further more, the oxidative coupling and catalytic combustion of methane, 
respectively, are two important technologies to convert methane. As a catalyst applied 
to methane oxidation(oxidative coupling and catalytic combustion of methane), pure 
CeO2 shows poor catalytic propertities(high litght-off temperature and low C2 
selectivity). However, the versatile acid-base properties and exceptional redox 
properties of CeO2 haven’t been effectively used. In this dissertation, we prepared a 
series of cerium catalysts doped by different metal atoms and catalysts using CeO2 as 
surpports to modify CeO2. In order to explore the constitutive laws and reveal the 
structure-activity relationship of modified CeO2 and CeO2-based composite catalysts, 
XRD, UV-vis, TPD, TPR, XPS, TEM techniques were used to characterize these 
catalysts. The main results of this study are summarized as follow:  
In the first chapter(chapter 3): Methane oxidation activity of CeO2-based 
catalysts doped with different atomic results showed that: Doping with transition 
metal Pd, Ni can effectively enhance the ability of CeO2 to reduce methane 
combustion temperature. Alkaline earth promoted CeO2 catalyst achieved relatively 
high OCM performance. In order to optimise conditions, preparation method, the 
amount of citric acid added, and the calcination temperature were observed. Results 
showed that Ce0.5Sr0.5Ox prepared with citric acid method (ratio of citric acid to metal 
ion is 2)and calcined under 800oC showed best OCM performance (700oC: methane 
conversion of 29.4%, C2 selectivity of 43.9%). Meanwile, Ca, Sr co-doped CeO2 
catalysts were investigated:Ce0.5Sr0.4Ca0.1Ox showed a better OCM performance 
(700oC: methane conversion rate 30.4%, C2 selectivity of 51.5%). By means of 
characterizations, we found that: Doping with Ca, Sr can significantly reduce the 
grain size of CeO2, effectively control the acidity and base of CeO2, then enhanced 
storage / release oxygen capacity to promote the formation of surface oxygen species 
















Ce0.5Sr0.4Ca0.1Ox was composed of CeO2 and SrCO3, the presence of carbonate phase 
SrCO3 did play an important role in improving OCM performances. 
In the second chapter(chapter 4): The influence of preperation methods on the 
catalytic activities of CeO2 for methane was investigated. The results showed that 
CeO2(S) prepared with non-aqueous solvent sol-gel method exhibited the higher 
performance due to its smaller crystal size, larger surface area and better reduction 
property. Calcination temperature similarly effect on the CeO2 texture properties and 
catalytic activity. 450oC calcination temperature was desirable. The activity of 
CeO2-S increased greatly after surpporting 10mol%NiO. T10,T50 and T90 of 
10NiO/CeO2-S catalyst is 337oC, 423oC and 491oC, respectively. The interaction 
between NiO and CeO2 in NiO/CeO2 catalyst was studied in detail. The results 
showed that, the introduction of NiO enhanced the reserve/release oxygen and redox 
ability. The reason should be strong interactions between NiO and CeO2: Certain Ni2+ 
doped into CeO2 lattice, and certain NiO highly dispersed on CeO2 surface. Further 
more, CeO2 with smaller size, larger surface area promoted its interaction with NiO, 
and  promote dispersion of NiO.These resulted in improvements of catalysts on the 
combustion of methane activity. 
Key words:CeO2，alkaline earth，OCM，non-aqueous solvent sol-gel method，






























图 1.1 甲烷利用途径[1]  
Fig 1.1 Summary of methane conversion[1] 





-50.8 kJ·mol-1)；2. 甲烷分子四个 C-H 键构筑成四面体构型，难以与催化剂电子
























联和甲烷催化燃烧[3, 4]，为了合理而有效地研发 CeO2 基复合氧化物催化剂，我们
须首先对这两个反应的有关情况予以认识。 
1.1.1 甲烷氧化偶联及催化剂 
甲烷氧化偶联(Oxidative coupling of methane，简称 OCM)是通过甲烷部分氧
化，实现甲烷的直接转化，生成较高碳链烷烃、烯烃和水的一类催化反应。该反
应自 1982 年 Keller 和 Bhasim[5]提出以后，迅即成为催化研究的热点，受到广泛
的关注及研究。甲烷氧化偶联反应的催化剂基本为氧化物，其组分的尝试几乎遍
布整个周期表。值得一提的是，自 Lunsford[6]等发明了 Li-Mg-O 复合氧化物催化






























对 20%SrF2/La2O3 催化剂进行表征，发现催化剂上仅检测到 O2-物种的 EPR 信号，





性中心。但 Liu 等[13]认为 O2-在活化 CH4 上比 O-，O22-都要温和，而且碱土化合
物的存在能够起到促进 O2-形成及其稳定，抑制过度氧化的作用。在 700oC 甲烷




Gaffney[15]等认为 Na/Pr6O11 催化剂中的 O22-中心是通过 Prn+的氧化-还原作










Ba-La-O 催化剂 OCM 活性较好，且其活性与 Ba 的含量呈正比。Dissanayake[20]
等对 Ba2+/MgO 催化剂进行 XPS 研究，也发现甲烷氧化偶联反应活性与催化剂表
面的 O22-物种浓度呈良好对应关系。当 Ba 含量为 2-4%时，催化剂表面 O22-物种
浓度最高且 OCM 活性最好。当 Ba 含量进一步增加时，由于 Ba-O 的强碱性，容
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